Erectile dysfunction (ED) is a common condition affecting millions of men worldwide. The pathophysiology and epidemiologic links between ED and risk factors for cardiovascular disease (CVD) are well-established. Lifestyle modifications such as smoking cessation, weight reduction, dietary modification, physical activity, and psychological stress reduction have been increasingly recognized as foundational to the prevention and treatment of ED. The aim of this review is to outline behavioral choices which may increase ones risk of developing ED, to present relevant studies addressing lifestyle factors correlated with ED, and to highlight proposed mechanisms for intervention aimed at improving erectile function in men with ED. These recommendations can provide a framework for counseling patients with ED about lifestyle modification.
Introduction
Awareness of erectile dysfunction (ED) has increased since FDA approval of sildenafil in 1998 and the subsequent escalation of direct-to-consumer advertising of phosphodiesterase inhibitors (PDE5i) (1, 2) . In 2005, sildenafil and tadalafil were each listed in the top 20 pharmaceutical products with regard to spending on directto-consumer advertising. Together, direct-to-consumer advertising for these two medications in 2005 cost $190 million (1, 3) . Given ubiquitous advertising and patient recognition, ED has become a condition commonly managed not only by urologists, but primary care physicians as well.
ED is a common concern for men and their partners, can cause significant depression and anxiety, and can greatly impact quality of life (QoL) (4, 5) . ED can also lead to a lower level of physical and emotional intimacy resulting in a lower level of satisfaction within a relationship. Data from various studies have estimated that as many as half of men aged 40-70 years old have some form of ED (2, (6) (7) (8) (9) . It is further estimated that 10% of men aged 30-39 have ED with prevalence increasing to 59% of men aged 70-79 (8) . This extrapolates to over twenty million men in the United States alone with ED. Notably, prevalence of severe ED increases sharply with age, with >35% of men over age 70 reporting difficulty in obtaining or maintaining erections (7) . Globally, ED is predicted to affect more than 300 million men worldwide by 2025 (2) . It is these staggering estimations that have made ED a broad public health concern within a globally ageing population.
There are now well-established pathophysiologic and epidemiologic links between ED and risk factors for cardiovascular disease (CVD) such as hypertension, hyperlipidemia and diabetes (6, 10) . This relationship was demonstrated in the Massachusetts Male Aging Study (MMAS) and subsequently corroborated in further largescale epidemiologic studies (6) (7) (8) 10, 11) . Pathophysiologically, endothelial dysfunction is considered to be the underlying mechanism common to CVD and ED ( Figure 1) (12, 13) . It follows that ED has been associated with an increased risk of premature mortality (14) . The recognition of this association has prompted recommendations by the Princeton Consensus Conference for the thorough evaluation and management of cardiovascular risk in all patients presenting with ED and no known CVD (15) .
Importantly, sequelae of ED are known to extend beyond physical and sexual health. ED is also known to cause detriment to QoL, psychosocial and emotional well-being for both the patient and his partner (5, 16) . In pretreatment screening of patients with ED and depressive symptoms on the Beck Depression Inventory-II, severity of ED was found to be predictive of depression (17) . Controlled clinical trials have demonstrated improvement in psychological outcomes including confidence, sexual satisfaction and symptoms of depression following treatment with pharmacologic agents (18) (19) (20) (21) . Additionally, change in penile rigidity after treatment for ED has been associated with improvement in sexual function and QoL in female partners (22) . Thus, prevention and treatment of ED represents an important means to improve patient and partner wellness and overall men's health.
Previous publications have recognized modifiable lifestyle factors such as obesity, physical activity, smoking, diet and others as major contributors to the onset and evolution of both CVD and ED (8, 9, 23) . Guidelines developed during the 2009 International Consultation on Sexual Dysfunction included "lifestyle modification" as a foundational step in the treatment algorithm of ED (23, 24) . However, patient knowledge about modifiable risk factors for ED, in particular smoking, control of CVD risk factors and sedentary lifestyle, is poor, and specific recommendations regarding implementation of lifestyle modification have not previously been outlined (25) . Additionally, questions remain as to the quantitative effects lifestyle modification and supplemental therapies can have on the natural history of ED.
The aim of this review is to delineate lifestyle choices which may impose an increased risk of developing ED, present relevant studies addressing behavioral factors correlated with ED, as well as highlight proposed mechanisms for intervention aimed at improving erectile function in men with ED.
Smoking
Smoking has been shown in several studies to be positively associated with an increased risk of ED. Longitudinal epidemiologic studies have reported a relative risk of developing ED 1.5-2 times more in smokers in comparison to non-smokers (7, 8, 26, 27) . In the Boston Area Community Health survey, a cross-sectional study of 2,301 men, a doseresponse relationship was demonstrated between smoking and ED (28) . Significance was achieved at 20-pack years cumulative exposure after adjusting for risk factors of age, CVD, and diabetes. Though not found to be significant, passive smoking exposure trended toward a significant risk of ED. While this study design is subject to recall bias, it may provide important information when quantifying risk of ED due to smoking exposure.
Positive dose-response association between quantity and duration of smoking with risk of ED was confirmed in a meta-analysis of observational epidemiologic studies (29) . The investigators found an incremental increased risk of ED per 10 cigarettes smoked per day and 10 years of smoking, by 14% and 15%, respectively. An individualized inverse dose-response relationship was seen in male smokers undergoing polysomnographic assessment of nocturnal penile tumescence (NPT), where the highest consumers of cigarettes (>40 cigarettes per day) had the fewest minutes of nocturnal tumescence and detumesced fastest (30) . At a molecular and cellular level in the animal model, cigarette smoking (CS) is linked to significantly higher markers of oxidative stress and cavernosal tissue apoptosis (31). CS exposed rats were noted to have significantly lower expression of cavernosal neuronal nitric oxide synthase (nNOS) and decreased endothelial and smooth muscle content, supporting the role of endothelial dysfunction in pathophysiology of ED (12) .
The effect of smoking cessation on erectile function has also been examined. Pourmand excluded were men with other risk factors for ED such as diabetes, hypertension, dyslipidemia, peripheral vascular disease, psychiatric disorders, and renal failure. At baseline, severity of ED was found to be significantly correlated to duration of exposure in pack-years (32) . At follow-up 1 year after smoking cessation, patients who successfully stopped smoking (ex-smokers) had a 25% improvement in erectile function, while men who continued (current smokers) did not improve. Additionally, a larger proportion of current smokers (7%) than ex-smokers (2.5%) had worsening of their baseline ED. This study suggests a large degree of stabilization or improvement in ED after smoking cessation.
These results were corroborated in a randomized controlled study of Chinese men enrolled in a nicotine replacement therapy (NRT) program with or without counseling. Six months after enrollment, patients who successfully quit smoking were more likely to have improvement in erectile function compared to persistent smokers (53.8% vs. 28.1%, P<0.001; RR =2.10; 95% CI, 1.64-2.70) (33) . Smoking cessation was also shown to rapidly improve penile hemodynamic parameters in a group of 20 men with ED, with a significant decrease in end-diastolic velocity (EDV) and a trend toward improvement in peak systolic velocity (PSV) 24 to 36 h after smoking cessation (34) .
Lastly, Harte et al. examined changes in penile tumescence in a cohort of young men (mean age ≤40 years) regardless of erectile function before and after smoking cessation (35) . Using an intention-to-treat analysis, the authors demonstrated significantly reduced time to maximal erection and a greater percentage change of penile tumescence at follow-up between successful quitters compared with unsuccessful quitters. This study highlights the physiologic benefit of smoking cessation in young men, irrespective of erectile function, which, clinically, can serve as a relevant motivator for early cessation.
The importance of smoking cessation counseling during initial evaluation and treatment of ED cannot be understated. Awareness of the smoking cessation strategies such as nicotine replacement, pharmacologic adjuncts (i.e., bupropion, varenicline), cessation programs, support, and maintenance groups is a critical part of the Urologists armamentarium in ED counseling (36, 37) .
Obesity
Obesity is believed to directly impact erectile function by producing a chronic inflammatory state, oxidative stress and ultimately, endothelial dysfunction (12) . From an epidemiologic standpoint, the Health Professionals Followup Study (HPFS) showed a linear relationship between increasing body mass index (BMI) and ED risk. Obese men (BMI ≥30 kg/m 2 ) were twice as likely to have ED as men in normal weight range (BMI <25 kg/m 2 ) (8) .
The effect of weight loss on erectile function was studied in randomized-controlled trial of 110 obese men with ED (38) . Fifty-five men in the intervention group received intensive, individualized instruction on nutrition and physical activity, while 55 men received general information on diet and exercise. Baseline mean IIEF scores between the groups were similar at 13.9 and 13.5 (P=0.55), respectively. After 2 years of follow-up, 31% of men in the intervention group regained normal erectile function, having improved IIEF-5 score to ≥22. BMI and physical activity level were both shown to be independent predictors of IIEF score. Of note, subjects in the intervention group were also noted to have significant decreases in serum IL-6 and CRP, both markers of inflammation and surrogate markers for endothelial dysfunction (39) . It is important to note, intensive dietary and exercise instruction with close personal follow up is not always feasible in the clinical setting.
Esposito et al. randomized 65 men with ED (IIEF-5 ≤21) and metabolic syndrome [as diagnosed by recommendations in the adult treatment panel III (40) ] to two groups: an individualized dietary intervention group with intensive instruction on the Mediterranean diet (rich in whole grains, fruits, vegetables, legumes, walnuts and olive oil); and a control group who were given general information on healthy food choices. Both groups were instructed on increasing physical activity. There was no significant difference in baseline IIEF-5 scores (14.4±3.8 vs. 14.9±3.7). Two years after randomization, 13/35 men in the intervention group and 2/30 in the control group had restoration of normal erectile function with IIEF-5 ≥22 (P=0.015). Nutrient intake, endothelial function scores and CRP were independent predicators of IIEF-5 score (41) . Of note, physical activity was increased in both groups, with no significant difference between them.
While the generalizability of these results may be problematic given the exclusion of men with comorbidities typically accompanying ED (CVD, diabetes and hypertension), the Mediterranean diet adopted in this study reflects many of the dietary recommendations outlined by the American College of Cardiology/American Heart Association (ACC/AHA) Task Force (42) . This panel made grade A recommendations for the "MED pattern" diet which is similarly high in fruits, vegetables, whole grains, fish, polyunsaturated fats, nuts, and lower in unsaturated fats, red meat, sugar-sweetened beverages. These recommendations can provide a framework for counseling patients with ED and obesity about dietary modification.
Physical activity
Along with its implications in CVD, sedentary lifestyle and low rates of physical activity (PhA) have been demonstrated to be significant and independent risk factors for ED (7, 43, 44) . In the Health Professionals Follow-up Survey, PhA measured by metabolic equivalents (METs) was found to be inversely related to risk of ED (8) . Patients who performed 16.6 METs per week (equivalent to running ~1.5 h per week or 3 h of rigorous outdoor physical labor) had a 0.8 relative risk of ED in comparison to men expending less than 2.7 METs per week. Increasing activity to 32.6 METs per week reduced the relative risk to 0.7 (8) . In another large-scale study, greater degree of sedentary behavior was strongly associated with ED after multivariable adjustment. Men who spent ≥5 h per day using TV/video or computers were almost three times more likely to report ED than men spending <1 h performing the same activities (OR =2.94; 95% CI, 1.56-5.44) (7) .
Additionally, there are several prospective trials which investigated alterations in sexual function seen with increased PhA. In a randomized trial of obese but otherwise healthy males undergoing lifestyle modification with intensive diet and exercise counseling, Esposito et al. showed that increased PhA level was an independent predictor of IIEF score, regardless of change in BMI (38) . In another prospective, randomized study, La Vignera et al. investigated the role of PhA in men with arterial ED confirmed by Doppler-ultrasound [cavernosal artery PSV <30 cm/s after intracavernosal injection of alprostadil (20 g)] (45) . Fifty men were assigned to a protocol of PhA (150 min of moderate intensity aerobic activity per week) plus Mediterranean diet. The control group (n=20) had similar baseline PSV, IIEF, BMI and abided by the Mediterranean diet, without exercise. After three months of intervention, men assigned to PhA had a mean improvement in IIEF to 16.5±1.0 from 11.0±1.0 (P<0.05), while there was negligible change (11.0±0.7 from 10.5±0.7) in the control group. There was also a significant difference in post-intervention IIEF scores between groups (P<0.05). The authors proposed the underlying mechanism of erectile function recovery to be an improvement in endothelial integrity. Serum endothelial precursor cells (EPCs) and endothelial microparticles (EMPs), both markers of endothelial dysfunction, were significantly reduced from baseline after the 3-month period increased PhA.
Similar results were found in investigations of increased PhA in men with multiple medical comorbidities. In a prospective trial of 59 men with chronic and stable heart failure (HF), patients were randomized to supervised cycle ergometer exercise training at moderate intensity (60% of peak VO2 or peak oxygen consumption) for 60 min, 3 times a week, for 8 weeks. The control group did not receive supervised exercise. QOL and sexual activity profile (SAP) assessments (Domain 1, relationship with partner; Domain 2, quality of penile erection; Domain 3, personal wellness) were obtained at baseline and at 8 weeks. In this cohort of men with HF, exercised patients had a significant increase in peak VO2 of 18% (P<0.005), while there was no change in control patients (46) . From a psychosocial standpoint, exercised patients had a significant increase in QOL (r=0.80, P<0.001) and an improvement in all domains of the SAP assessment (3.49±3.4 vs. 6.17±3.2, P<0.001). Of note, partner SAP scores also improved significantly (2.47±2.7 vs. 4.87±2.5, P<0.001). This study points to global improvement in sexual function and well-being for both the exercised patient and his partner.
Despite the well-supported concept that physical activity enhances erectile function and well-being, there remains a paucity of literature on the quantity of PhA needed establish a clinical improvement in erectile function. The ACC/AHA Task Force published Grade B recommendations for PhA for reduction in hypertension, LDL-C and non-LDL-C which can been suggested as guidelines for men with ED (42). Recommendations include 3-4 sessions of moderate-tovigorous intensity physical activity lasting 40 minutes per session.
Alternatively, some have recommended achieving a minimum kcal expenditure per week given findings of a relationship between IIEF-5 score and Paffenbarger score (PhA in kilocals per week) up to 4,000 kcal/week (47) . In a multiple regression analysis, Kratzik et al. (47) demonstrated that after adjusting for total and bioavailable testosterone, age, BMI, smoking status, number of cigarettes, CVD, and hypertension, higher PhA significantly reduced the risk of ED. PhA >3,000 kcal/week significantly reduced the likelihood of severe ED (IIEF-5 <8) by 82.9% (P=0.018). With growing popularity of wearable activity trackers and mobile applications, patients can be encouraged to increase PhA through self-monitoring per ACC/AHA recommendations or through minimum kcal expenditure.
Alcohol and illicit drugs
The role of alcohol and illicit drugs in the progression and treatment of ED is decidedly less clear. In the initial crosssectional data from the MMAS, higher rates of ED were associated with consumption of copious amounts of alcohol (>600 mL/week) (6) . Furthermore, in a large, multi-national epidemiologic study, heavy and no alcohol consumption were associated with higher risk of ED as compared to moderate alcohol intake (1 to 7 drinks per week), though not significantly (48) . On the contrary, in the HPFS study, there was no change in relative risk of ED across all categories of alcohol consumption (8) .
In the rat model, chronic alcohol consumption leads to an upregulation of endothelin-1 (ET-1) which acts as a vasoconstrictor in the corpora cavernosa (CC). Following electrical stimulation of the major pelvic ganglion, ethanol treated rats demonstrated significantly reduced erectile response as measured by maximal intracavernosal pressure/ mean arterial pressure (ICP/MAP) (49) . These results provide some basis for investigation in human subjects. Whether changes in CC ET-1 levels are sustained after ethanol cessation warrants investigation.
Illicit drug use was studied in a cross-sectional trial of Taiwanese detainees (N=701, mean age 33.8 years) with a history of drug abuse versus controls (N=196) (50) . Heroin, amphetamine and MDMA ("ecstasy") were the most commonly reported drugs of abuse in this detainee population. Over one third (36.4%) of drug abusers were found to have ED as reported by IIEF-5 score, with 10% reporting severe ED. Drug abusers were found to have significantly lower mean IIEF scores in each domain as compared to controls. Additionally, multiple logistic regression analysis proved dosing frequency to be a predictor of ED. Men who reported use of illicit substances ≥3 times per day had significantly increased likelihood of ED compared to men using <1 time per day (OR =1.6; 95% CI, 1.11-2.46). Duration of abuse was not found to be a predictor of ED.
Amphetamine, a commonly abused CNS stimulant with purported aphrodisiac effects, was studied in a crosssectional study of 1,159 mono-users (mean age 31.9±7.5 years) compared to age-matched controls (51) . Prevalence of ED was significantly higher in amphetamine abusers than in controls (29.3% vs. 11.9%, P<0.001). After adjusting for age, BMI, marital status, diabetes, hypertension, depression, smoking, and alcoholism, drug users were still two times more likely to have ED than controls (OR =2.1; 95% CI, 1.2-3.6). Three domains of sexual function in particular were found to be significantly lower in drug abusers than controls: erectile function, orgasmic function, overall satisfaction. Intercourse satisfaction and sexual desire did not appear to be affected by amphetamine use.
The impact of cannabis use on sexual function has been studied in vitro and in vivo, and remains incompletely understood. Shamloul and Bella thoroughly reviewed the paradoxical impact of cannabis in male sexual health (52) . The authors highlighted studies of cavernosal and central nervous system cannabinoid (CB) receptors, which were seen to have a conflicting effect on erectile function. Human clinical trials have also suggested varying effects of cannabis on erectile function, sexual pleasure and satisfaction, duration of intercourse and desire. Further studies utilizing validated instruments are certainly warranted given the expanding use and decriminalization of cannabis in the United States and worldwide.
Importantly, given the cross-sectional nature of studies on alcohol and drug abuse, cause-effect relationships cannot be evaluated. Additionally, psychosocial status of drug and alcohol abusers cannot be controlled for and may have confounding effect on sexual function.
Stress
The cyclical relationship between ED and anxiety, depression, chronic stress, and impaired QoL may seem difficult to approach, but is another potential site of behavioral modification and treatment for ED (53, 54) . Schmidt et al. performed a meta-analysis of eight clinical trials comparing PDE5-I therapy combined with psychological intervention (i.e., sex therapy, couples counseling, sex education) versus either intervention alone (55) . The authors found significant benefit to combined therapy in restoration of erectile function, concluding that addition of psychological intervention, in various formats, resulted in an additional improvement in IIEF when combined with pharmacologic intervention.
In a prospective pilot study of 31 men with newly diagnosed ED, a program of stress management plus tadalafil (N=19) was compared to tadalafil alone (N=12) (56) . The stress management program consisted of 8 weeks of diaphragmatic breathing exercises and progressive muscle relaxation with audio CD. Morning salivary cortisol levels were measured at baseline and at the end of intervention. After 8 weeks of intervention, sexual desire scores were found to be negatively correlated with morning salivary cortisol, suggesting high levels of morning cortisol may inhibit sexual drive.
In evaluating and treating patients with ED, it is important to note the patients complete biopsychosocial profile and recognize that anxiety, depression, stress and emotional well-being may not only result from ED, but also contribute to it. Combining PDE5-I with adjunctive modalities aimed at reducing psychological contributors to ED is an important step in lifestyle modification.
Conclusions
Current clinical guidelines for sexual dysfunction assert the foundational role of lifestyle modification in treatment of ED (24) . Improvement in erectile function represents a tangible motivator for patients, placing urologists in a unique role as facilitators of preventative strategies that have much broader health implications, including improving cardiovascular, psychological and overall well-being.
